Flavonoids are a group of naturally occurring compounds widely distributed as secondary metabolites in the plant kingdom. They have been recognized for having interesting clinical properties, such as anti-inflammatory, antiallergic, antiviral, antibacterial, and antitumoral activities. 1) In fact, the pharmacological effects of many traditional drugs may be ascribed to the presence of flavonoid compounds, which 2, 3) are due to the inhibiting ability of certain enzymes and their antioxidant activity.
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One to these flavonoids, quercetin (3, 5, 7 ,3Ј,4Ј-pentahydroxyflavone), prevents oxidant injury and cell death 4) by several mechanisms, such as scavenging oxygen radicals 5, 6) protecting against lipid peroxidation 7, 8) and chelating metal ions. 9) Some investigators have demonstrated that quercetin, when coadministered with ethanol, reduced ethanol-induced hepatic steatosis and lipid peroxidation, suggesting that the gastroprotective effect of quercetin could be due to its antiperoxidative, antioxidant, and antihistaminic effects. [10] [11] [12] Experimental evidence has demonstrated that some of the deleterious effects of ethanol are attributed to the induction of metabolic processes which lead to an increase in the generation of reactive oxygen species (ROS). 13, 14) In hepatocytes, ROS are generated, as a consequence of the metabolism of ethanol to acetaldehyde, mainly through the intervention of the ethanol-inducible cytochrome P450 (CYP2El). 15) Organisms have developed a variety of antioxidant defence systems as a protection from ROS. The major endogenous antioxidant enzyme systems include superoxide dismutase (SOD), catalase (CAT), selenium-dependent glutathione peroxidase (GPx-Se), glutathione peroxidase (GPx), and glutathione reductase (GR). The major nonenzymatic endogenous antioxidants include the reduced form of glutathione (GSH) and vitamin E. However, ethanol or its metabolites can alter the redox balance in the liver towards a more oxidized state, either acting as a prooxidant or reducing the antioxidant cell defences. 16) On the basis of these considerations, the aim of the present study was to evaluate if quercetin and vitamin E (a-tocopherol, reference substance) treatments have a protective effect in alcoholic liver injury in mice. In this study, these substances were administered either before or following ethanol intoxication in order to determine whether they could prevent and/or alleviate ethanol-induced injury. Our hypothesis is that increasing the diet antioxidant concentration may make it possible to prevent the incidence of alcoholic diseases.
MATERIALS AND METHODS

Animals
Male Swiss mice aged 7-12 weeks were used in all experiments and were housed under controlled environmental conditions (12 h light/12 h dark). The animals were permitted unlimited access to food and water. A group of animals used to determine the effects of chronic exposure to alcohol was given ethanol by intragastric administration for 30 d. Ethanol (5 g/kg of body weight) was diluted (18% v/v) in water. Quercetin and vitamin E were dissolved in 10% (v/v) Tween 80 aqueous solution. Control groups received an identical volume of vehicle.
In the pretreatment groups, quercetin (25, 50 and 75 mg/kg by gastric intubation) or a-tocopherol succinate (25 mg/kg/d) were given daily for 15 d. Two weeks after the beginning of the experiment, the treated mice were also administered ethanol for another 15 d, and on the 3rd week the administration of quercetin and vitamin E was stopped and the ethanol administration continued (Fig. 1) .
In the post-treatment groups, animals were treated with ethanol for 4 weeks. Quercetin and vitamin E were administered for 15 d before ethanol cessation and again 15 d after ethanol intoxication.
The control group, alcohol-treated, pre-treatment, and post-treatment groups were killed by decapitation 24 h after the last administration. Liver samples were immediately re-moved and stored at Ϫ80°C until analysis.
Biochemical Assays Ethanol was obtained from Panreac. Quercetin and a-tocopherol were purchased from Sigma Chemical Co. All other reagents were of the highest available grade.
Bloods samples were collected from animals by cardiac puncture and serum transaminase (ALT and AST) activities were determined using Sigma kits. Plasma ethanol concentration was determined with an ethanol assay kit (Sigma). The plasma levels of quercetin and a-tocopherol were measured by HPLC. 17, 18) Following the experimental design in animals ( Fig. 1 ) that receive pre-treatment, aortic blood was collected from animals on day 0 (only quercetin or vitamin E), day 15 (quercetin or vitamin Eϩethanol), and day 30 (only ethanol).
Liver was homogenized in 50 mM phosphate buffer (pH 7.4) (50 mg/ml) and centrifuged at 3200 g for 20 min at 4°C to measure enzymes and tissue peroxidation. For glutathione assays, tissue samples were homogenized in 5% (w/v) trichloroacetic acid with 0.01 N HCl for 5 min (4°C) under a N 2 atmosphere.
SOD was measured after 24 h of dialysis by following the inhibition of pyrogallol autoxidation at 420 nm. 19 ) SOD activity was expressed a as percentage of pyrogallol autoxidation min Ϫ1 mg protein
Ϫ1
. CAT was measured in Triton X-100 (1%, v/v) treated supernatants by following H 2 O 2 disappearance at 240 nm 20) and enzyme levels are expressed as substrate (mmol H 2 O 2 ) transformed min Ϫ1 mg protein
. Total and Se-dependent GPx were determined following NADPH oxidation at 340 nm in the presence of excess GR, GSH, acid cumene hydroperoxide (for total GPx), 21) or H 2 O 2 (for Se-dependent GPx). 22) Both GPx activities were expressed as substrates (nmol NADPH) transformed min Ϫ1 mg protein
. GR activity was analysed by following NADPH oxidation at 340 nm in the presence of GSSG and expressed as substrate (nmol NADPH) transformed min Ϫ1 mg protein
. GR and both GPx activities were corrected for spontaneous reaction in the absence of a biological sample. All enzyme activities were determined at 25°C in a Uvikon spectrophotometer. Glutathione was measured by the method of Griffith 23) in the presence of 5,5Ј-dithiobis (2-nitrobenzoic acid), NADPH, and GR. GSSG was assayed after derivatization of GSH with 2-vinylpyridine. GSH and GSSG values were corrected for spontaneous reaction in the absence of a biological sample. Concentrations of both GSH and GSSG are expressed as mM GSH equivalents (g tissue)
. The thiobarbituric acid (TBA) assay adapted to tissue extracts 24) was performed to measure tissue peroxidation in supernatants from phosphate buffer. 25) The results of lipid peroxidation were expressed as mM MDA (g tissue)
. Protein concentration was determined by the Biuret method, using bovine serum albumin as a standard.
Statistical Analysis Two-way ANOVA with Bonferroni's posthoc test was used for the determination of statistical significance as appropriate. Differences at a p value of less than 0.05 were considered statistically significant.
RESULTS AND DISCUSSION
There is increasing evidence that ethanol-induced liver injury is associated with free radical injury and oxidative stress. 26) Oxidative stress is characterized by increased lipid peroxidation and/or altered nonenzymatic and enzymatic antioxidant systems. The effects of exposing mice to the chronic regime of alcohol on various antioxidant defences and lipid peroxides were investigated in the liver. Ethanol treatment caused a significant increase in plasma ALT and AST activities, an indication of hepatocellular damage in mice. Pre-treatment and post-treatment of mice with quercetin or vitamin E at the same dosage regimen prevented ethanol-induced hepatotoxicity, as indicated by a precipitous drop in plasma ALT and AST activities compared with the untreated and ethanol-intoxicated groups (Table 1) .
Blood quercetin or vitamin E levels in day 0 were 5.7Ϯ1.4 mmol/l and 11.4Ϯ1.9 mmol/l, respectively. Quercetin had no effect on mean blood alcohol levels; the mean blood alcohol level in mice given ethanol (day 30) was 101.5Ϯ9.4 mmol/l and in mice given ethanol with quercetin or vitamin E were 96Ϯ4.5 mmol/l and 88.4Ϯ5.4 mmol/l, respectively. There were no significant differences.
We found that chronic ethanol treatment caused significant increases in lipid peroxidation and GSSG levels and decreases in CAT, SOD, GPx total and GSH activities, but GR activity remained unchanged as compared with those of the normal control mice (Fig. 2) . Decreased SOD and GPx activities reflect the susceptibility of liver to ethanol-induced oxidative stress. 27) Thus, this study has demonstrated that chronic ethanol intoxication alters the activity of antioxidant defences in the liver of murins as it has been reported by sev- 
eral investigators. 28, 29) The higher levels of hepatic lipid peroxidation may be linked to the fact that the majority of ethanol metabolism occurs in the liver. However, contradictory results have been reported by other investigators. 30) These disparate results might be due to differences in the route of ethanol administration, duration of exposure, animal strain, etc. Following ethanol intoxication, hepatic glutathione redox status was greatly impaired, as indicated by a drastic decrease in the GSH level and large increase in the GSSG level (Fig. 1) . Hepatic GSH plays a crucial role in both scavenging ROS and the detoxification of drugs. 31) These investigators reported that a GSH depletion of 20% or greater in the liver results in impaired cell defense and tissue injury; therefore, acetaldehyde formed as a result of ethanol metabolism may also contribute in part to the decreased hepatic GSH levels observed in this study. Apart from the fact that, under the experimental conditions already certain, the ethanol besides elevating the levels of ROS for the induction of CYP2E1 and of the xantin-oxidasa, 32) also causes alterations in the antioxidant defenses of the organism, 33) it seems logical to conclude that supplementation with antioxidants before or after intoxication, could possible prevent the damage caused in the load antioxidant of the organism, as well as diminish the processes oxidatives that cause an increase in the products of the lipid peroxidation. The results obtained in this experiment agree with the hypothesis of another study 34) that points out that the oxidatives damage, including the alteration of CAT enzymatic activity, are neutralized when vitamin E is administered before or after the production of the oxidative stress. Quercetin treatment before the administration of ethanol significantly increases CAT activity, a fact that other authors also confirm with substances of flavonic origin. 28) There were no significant differences for post-treatment (Fig. 3) . The administration of a-tocopherol induces increases in SOD activity, both if it is administered before ethanol intoxication 35) and after, 36) a fact that has been confirmed in the pretreatment and post-treatment studies carried out in our investigation (Fig. 4) . Feeding mice with quercetin pretreatment for 30 d resulted in higher SOD activity, and these differences were significant with respect to the ethanol group. There were no significant differences for post-treatment. Treatment with quercetin, previous to the intoxication with ethanol, is able to maintain levels similar to those of the group not treated with the doses of 50 and 75 mg/kg, a fact that supports the hypothesis of the competitive mechanism with the enzyme for the ROS, and the mechanism that proposes the kidnapping of metallic ions. 37) Quercetin is able to overcome the ethanol toxicity, maintaining the levels of normal activity of total GPx, in a more outstanding way in the form GPx-Se (Fig. 5A) . Pretreatment with quercetin restored GPx activity by 25%, 32%, and 41% respectively, as compared to the ethanol-treated group (Fig. 5B) . The performance mechanism of this enzyme, both the vitamin E and the quercetin, is not known at the moment. Perhaps the activities are maintained at the same levels of normal activity as a consequence of the performance of both substances on glutathione; that is, for an indirect mechanism in which the levels of GSH are increased due to the administration of some antioxidant and secondarily, that glutathione will induce the highest enzymatic activity. 38) To explain the possible causes that induce the increase in GR activity (Fig. 6 ) when antioxidants are administered, it is necessary to determine the effects they have on glutathione. It is possible that both a-tocopherol as well as quercetin stimulate the production of GSH from GSSG, by induction of the enzyme GR, which would explain the increment of activity of this enzyme as the own reduced glutathione that in turn induces the increase in activity of the peroxidases. It was also observeded that the levels of oxidized glutathione, after quercetin or vitamin E administration, diminished (Table 2) . Pretreatment with quercetin (75 mg/kg) also recovered the GSH levels by 47% and the decreased formation of lipid peroxidation by 36% when compared to the ethanol-treated group (Fig. 7) . The different treatments increased the GSH/GSSG ratio in the ethanol-induced group, and there was statistically significance in the pretreatment phase. The behaviour like antioxidants of these substances follows a similar line to the one demonstrated with assayed to the enzymatic activities. Vitamin E and quercetin, take on stable levels in the reduced way of the glutathione, diminishing the proportion of GSSG. These results therefore suggest that the GSH/GSSG ratio is responsible for defending the organism against an oxidative attack that supposes the ethanolic intoxication. A recent study confirms that quercetin is able to diminish tissue damage caused by ethanol consumption.
39) The proposed mechanism of action is similar to that of behaviours of the vitamin E; it is believed that quercetin interrups the chain reaction that takes place on the lipid membrane, to what it is added a mechanism not attributed to the vitamin E, the chelating of metallic ions, forming an inert complex that cannot participate in the conversion of the superoxide radical and of the peroxide of hydrogen in 
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The results are expressed as the meanϮS.E.M. of five mice. a) pϽ0.05 compared with control group; b) pϽ0.05 compared with ethanol-treated group by two-way ANOVA with Bonferroni's posthoc test. Concentrations of both GSH and GSSG are expressed as mmol GSH equivalents (g of liver)
Ϫ1 . The estimator of tissue oxidative stress, the GSH/GSSG ratio, is a non-dimensional value. 8) The result of the comparison among the pre-and post treatment shows that quercetin and vitamin E increase the enzymatic activity, and in both cases, pre-treatment is more effective for CAT, GPx-Se, total GPx and GSH. This may explain why during the pretreatment some enzymatic activities increased, possibly as a result of the period in which the organism receives the prior antioxidant to the toxic and therefore is promoting the antioxidant endogenous defenses.
Quercetin and vitamin E exhibit antioxidant activity and they are able to diminish, and even prevent, the oxidative hepatic damage produced by ethanol.
Nowadays, changes in dietary habits by increasing the consumption of antioxidants in the diet are recommended. Therefore, when an organism is subjected to greater oxidative stress, it would have better antioxidant defense characteristics, thus counteracting the effects of any pro-oxidant. More specifically, fruits and vegetables have been shown to exert a protective effect. 40) The high content of polyphenol antioxidants in fruits and vegetables is probably the main factor responsible for these effects. However, further studies are needed before antioxidants can be used safely as food additives and supplements. 
